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© TDMA mobile communication system with simultaneous communication between base and 
mobiles at a first frequency and betwee n mob iles at a second one 



P © A communication system is described which in- 
cludes a base station (BS) and a plurality of mobile 
stations (M1~M2;M3;M4). The base station (BS) is 
adapted to transmit, in an i-th time slot of consecu- 
tive frames of time slots of a TDMA protocol, datajg, 
a first mobile st ation (Mj1 ), this data being modulated 
on a first carrier wave having a first frequency (FDL). J, 
On the other hand, the first mobile station (M1) as 
well as a second mobile station (M2) ^both^are^adapF 
^edjo^chanjge, in a k-th time slot of the consecutive 
frames of time slots of the TDMA protocol, data 
modulated on a second earner wave having a sec- 
ond frequency (FDM), the k-th time slot being dif- 
ferent from the i-th time slot. 
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The present invention relates to a^'^Bj^uBjc^ 
^4jO£^s^m~^^ a pluraii^ \ 

^^^ofe^le^at^ns t .said base station being adapted 
to transmitr in an i-th time slot of consecutive 
frames of time slots of a TDMA protocol, data to a 
first one of said mobile stations, said data being 
modulated on a first carrier wave having a first 
frequency. 

Such a communication system is known in the 
art, e.g. from the book 'Mobile Cellular Telecom- 
munications Systems', by W. Lee, published by 
McGraw-Hill Book Cy, 1989, chapter 14. Therein, 
the communication system is a cellular commu- 
nication system, and the base station is referred to 
as a 'cell site'. When the first mobile station wants 
to receive data from or transmit data to the base 
station, the timing of the TDMA protocol is first 
communicated by the base station to this first 
mobile station, i.e. the operation of the latter station 
isj^y^hronizecJ Ito Jhe ^operation^of the base sta- 
tion. The first mobile statioTOr^y~tfieli.IrequestI 
access to the j3ase_ ^tion~ after which jrdownlihR 
frequency, viz. the frequency of the first carrier 
wave, and a time slot per frame, viz. the i-th time 
slot, is allocated JojWsrr^ 
nicating2wjttrthe^a_se^ An uplink frequency 

may also be allocated to the first mobile station via 
which it may then transmit data to the base station. 
An object of the present invention is to provide 
, a communication system of the above known type, 
' bSTw fereln mbbile^stationsare able to exchangel 
/ data with oneanother\ without the use-of the base^ 
stati on 0| Jfras ® station infras truct^ — \ 
r Mfene^ a^Sn^s still able to listen for data being __3 

trSSRSW^ " 

According to the invention this object is 
achieved due to the fact that said first~jnr>c^!e^ 
station^and a secondlbne of said^nobile stations ~* 
both are adapted to^xchange, in a k-th time slot of 
said consecutive frames of time slots of said TDMA < 
protocol, data modulated on a second carrier wave 
having a second frequency, said k-th time slot 
being different from said i-th time slot. 

In this way, the-fhrst^ndZthe^secondrm 
station -may exchange Jdata ihlthe Mh-time 7 slot 
which is different If Pom the" i^HtimeT slot wher ein th e 



basestatioTOhay traTismiTdater-tbTthe ( first mobile" 
statibTi. Thus, whilst the first and second mobile 
stations exchange data, the first mobile station may 
still listen for data transmitted by the base station. 
To be noted that due to the i-th and k-th time slot 
being different, only-one receiver switching be- 
tween the first frequency usedjfor the i-th time sjot] 
and the second frequency used for the k-ttrti_me] 
slot is needed. 

Another characteristic of the present invention 
is that said consecutive frames of time slots are 
arranged in consecutive superframes of frames, 



that said first mobile station is prevented from 
exchanging said data modulated on said second 
carrier frequency in said k-th time slot of a j-th time 
frame of each of said consecutive superframes, at 
s least one of said k-th time slots beino^usjed^tp 
Jbxc&dc^^ ync hr^ 

said second xarrier*frequencj^ ^ 
in this way, the^ first 7^ 
the synchronisation information, i.e. information 
io concerning the timing of the TDMA protocol ac- 
cording to whicfrtjejbase statiojvoperates? thereby 
enabling mobile stations receiving this synchronjsa-^ 
tion information to-also synchronize "its operatiSh 
with thaFof the base station, whereby on the one 
75 hand the so-called coverage are MP^ thebase sta- 
tion Jsj^allyiextended and wheTeby on the othei^ 
hand moWle^tatidh^ 

directly with the first mobile station j^d^not with the | 
base stetioj^are aWe to synchronize their operationf , 
20 to i tfialo fthe baseTstation. \ — J 
Still another characteristic feature of the 
present invention is that said second mobile station 
is adapted to receive, in said k-th time slot of said 
j-th time frame of each of said consecutive super- 
25 frames, said synchronisation information modulated 
on said second carrier wave instead of exchanging 
said data modulated on said second carrier wave. 

Thereby, the operation of the second^mobile^ 
statjoTTniay become synchronized with that of the 3 
30 bas e sta tibn. To be noted that no[collisidn~of data» 
exchanged7betweeji"th^first "and second -mobile- 
station-and^s^nchronis^ 
by-me f fi^ rnobile station caTuoccur. 
~/T further characteristic feature of the present 
35 invention is that said synchronisation information 
includes a counter tag, and that said mobile sta- 
tions are adapted to receive said synchronisation 
information modulated on said second carrier wave, 
to increment said counter tag, and to retransmit 
40 said thus changed syn chronisa tion^^informatjor? in 
said k-th time slot of said j-th time frame of a 
randomly chosen superframe when the value of 
said counter tag is less than a predetermined 
threshold value. 
45 In this way, the sy nchronisation-inf ormation* is 

propagated outside the coverage area of the base 
station thereby creating a large virtual coverage 
area within which mobile stations may become 
synchronized to the base station. Indeed, when a 
50 mobile station receives the synchronisation infor- 
mation it becomes synchronized and in its turn 
starts broadcasting the synchronisation information 
after having incremented the counter tag. 

This counter tag is included in the synchronisa- 
55 tion information in order to avoid too large cumula- 
tive delays and too large cumulative transmission 
errors. Indeed, each retransmission of the synch- 
ronisation information gives rise to an additional 
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delay and possible transmission errors. By only 
retransmitting the latter information when the value 
of the counter tag is lower than the predetermined 
threshold value, these delays and errors are pre- 
vented from becoming too large. 5 

Yet another characteristic feature of the present 
invention is that said first mobile station is adapted 
to retransmit said data received from said second 
mobile station to said base station, said data there- 
to being modulated on a third carrier frequency in w 
a l-th time slot of said consecutive frames of time 
slots, I being a predetermined number different 
from i. 

In this way, the data transmitted by the second 
mobile station to the first mobile station is relayed 75 
or retransmitted by this first mobile station to the 
base station. Likewise, data may also be relayed 
from the base station via the first mobile station to 
the second mobile station. Thus, a mobile station, 
e.g. the second one, which is out of the coverage 20 
area of the base station, may use the base station 
infrastructure. 

The above mentioned and other objects and 
features of the invention will become more appar- 
ent and the invention itself will be best understood 25 
by referring to the following description of an em- 
bodiment taken in conjunction with the accompany- 
ing drawings wherein : 

Fig 1 shows a communications system accord- 
ing to the invention; and 30 
Fig 2 shows an arrangement of time slots ac- 
cording to a time division multiple access 
(TDMA) protocol used in the communication 
system of Fig 1 , 

The communication system shown in Fig 1 35 
includes a 'base?station?BS*"and^a^luralitpofimobil^ 
^atic^ns-^ 

and^M&arershown. The mobile stations M1 and M2 
are located within the cso^ealledscoverage area^of 73^ 
tt 16 ^^^atipn"BSTwhich"isItha area within wfTich 40 
mobile stafonslnay^x>r^^ 
mitted by the base station BS provided these mo- 
bile stations are adapted to receive these signals, 
or within which mobile stations may transmit sig- 
nals which may then be correctly received by the 45 
base station BS provided the latter signals are 
adapted to be received by BS. Mobile stations M3 
and M4 ar e outside the coverage area or oase 
station BS. To be noted that thef^ctensiorTBf the 
cov^^ ^ jareajde^nds aft, on the transmit power so 
as well as on the sensitivity of receipt of the base 
and the mobile stations, and on the quality of 
transmission. 

The mobile station M1 is able to communicate 
with the base station BS on respective uplink and 55 
downlink channels in time slots according to a time 
division multiple access (TDMA) protocol - shown 
in Fig 2 - to which the operation of BS is synchro- 



nized. Thereto, the operation of M1 is synchronized 
to this TDMA protocol by synchronisation informa- 
tion transmitted from the base station BS to the 
mobile station M1, i.e. data exchanged between 
mobile station M1 and base station BS is ex- 
changed in time slots which are arranged in frames 
of 4 time slots each, these frames in their turn 
being arranged in superframes of N + 1 frames 
each, each superframe including 1 control frame 
during which control information may be ex- 
changed, and N data frames for exchanging data. 

The frame structure of the uplink channel is 
translated over 2 time slots with respect to that of 
the downlink channel whereby, when for instance 
the first time slot of each frame is allocated, in the 
downlink as well as in the uplink channel, to the 
first mobile station for communicating with the base 
station, the same circuits, e.g. for a local oscillator, 
may be used for both the transmitter and the 
receiver part of the first mobile station. Indeed, 
these circuits in one time slot then operate so as to 
ensure receipt on the downlink frequency, in the 
next time slot have time to switch to uplink opera- 
tion whereby in the following time slot transmission 
on the uplink frequency is ensured. 

When the first mobile station M1 is synch- 
ronised to the base station BS and has requested 
access thereto, the uplink and the downlink channel 
are allocated to M1 for communication with BS, i.e. 
a time slot per frame on an uplink frequency FUL 
and a time slot per frame on a downlink frequency 
FDL, respectively. Both so allocated channels cor- 
respond to a same time slot number per frame, 
e.g. the first time slot of each frame. 

The operation of the second mobile station M2 
can in this way not be synchronized to that of the 
base station BS as M2 is not able to communicate 
on any of the available uplink of downlink channels 
with the base station BS. On the other hand, M2^ls 
a ^-to ex change data with mobile station-MT on a tj 
dkectjTnode frequency FDMrj| 

However, in order to allow the first mobile 1 
station Ml^tojexchange data-with-the base^statio/i ' 
BS whilst monitoring wh^^Ttl^ls^ond-mobile? 
station M2 transmits data to be received by M1^:or 
tp allow M! to exchange data with M2 whilst monH 1 
toring whether BS'transmits data to te I 
Ml rthe secondlriobile^tation M2 is alscTsyrichro- ? 
nized to : the : TDMA protocol:? Thus, even when one 
communication is being conducted, e.g. between 
M1~and BS^hen N data~from~M2, e.g. concerning an-7 
emergency callrmay sti II be received by Ml 77 

Thereto, the first mobile station M1, which is 
already—synchronized, retransmits, in a slightly 
adapted form as will become clear hereinafter, the «— j 
synchronisation information received from the base 
station BS on the direct mode frequency FDM. 7/ 
This synchronisation information includes informa- 



3 



5 



EP 0 689 303 A1 



6 



L 



3 



tion indicating the beginning of the time slots, 
frames and superframes, thus allowing a mobile 
station receiving this information to synchronize its 
operation to that of the base station BS, as well as 
frequency correction information allowing a mobile 5 
station to correct the frequency of their uplink and 
downlink channels, i.e. of their local clock. It further 
also includes a counter tag initialized by the base 
station BS and the purpose of which is described 
later. This synchronisation information is transmit- 10 
ted by the base station BS to the mobile station M1 
in the first time slot of one of the4^fMlitrarn^ of 
and on the downlink frequency FDLTWhen M1 
receives this synchronisation information, it incre- 
ments the counter tag by one, thus adapting the 75 
form of this information, and £ejransmits ^it in the 
first time slot of the cgntr6feframe*of a, random ly 
chosen superframe of and on the^gi ^^ Sm^e^ 
frequency FDM, the time slot, frame and super- 
frame structure associated to FDM being the same 20 
as that associated to FUL. To be noted that no data 
is exchanged between M1 and M2 in the first time 
slot of the control frame of any superframe, but 
only in the first time slots of the other frames. / 

When the second mobile station M2 receives 
this synchronization information its operation may 
become synchronized to that of the base station 
BS. To be noted that for bo thiMI : ^d_M2 an d also # 
foYjothllrLmobile 7statiohs_re(^iving_synch ronizat ion 
infofinl^nT^ 
sionlorlreceipt _errbrs> only become effective after 
this information has been received a number of 
times. 

When the operation of BS, M1 and M2 is thus 
synchronized, M1 may^inde^J monitor whe therlM2 35 

tran^ttsIdatOoIbelf^efr^ 

communicating with BS. Indeed, M1 may receive 

data^fromlthe base _station BSiihBh§Ziwiy^ 

of and on FDL, and may_transrnOata£to BS in the 

first ti me slot of and on J0JL, except for the first 40 

tim_e_slot.of_the_control frame„within which it listens 

fo^data transmitted 

station, on FDM. Vice versa, Mt^may off course*^ 
a ]soJisten Jor_data__fronOhe -base station BSL on 
I^I^KM^ exdfiaftgin with M2on FDM. 45 

Mi^^n^^ the synchro- 

nization information in^the first time slot of the 
control frame of a randomly chosen superfr|ime of 
and on the direct-mode JrequencyF^M.lifter hav- 
ing incremented the counter tag by one. The latter 50 
superframe -being randomly chosen as is the 
superframe in which the synchronization informa- 
tion may again be transmitt ed b y the first mobile 
station, both instances of the synchronization in- 
formation, viz. the one transmitted by M1 and the 55 
one transmitted by M2, are not likely to occur 
simultaneously. Thus, a third mobile station, e.g. 
M3, may correctly receive both instances, and will 



25 



30 



then synchronize its operation to the TDMA pro- 
tocol using the synchronisation information having 
the counter tag with the lowest value. In this way, 
the syjcirpnisationHinfol^tionlwith the lowest cu- 
mulative^ejay-and: the lowest cumulative transmis- 

sion error is used. I 

To be noted that when both instances of the 
synchronisation information would be transmitted in 
a s aroej^ timerslpt^ 



feS Yjgcjirqniz^ 'sjfcei 
ceived at a sufficiently higher level than the other 
instance, whilst otherwise^lg wil l have to wait for 

f oj ( gja^ ^^^ ox %^ 

M2.- — — — — — — — ■ — ~ 

In this way, the operation of each mobile sta-~~^ 
tion receiving an instance of the ^s ynchro nisation ' 
information may become- fyiieffipnized to the op- 
eration-ofohecbase statipjvBS^ Furthermore, such 
mobile station may then, in the way described 
above for M2, retralisrnitlthiOvnc hronisalibrit in- 
formation after having adapted-^»e^cciunter^tag, 
provided-this -counter-tag does^not-exceed a pre- 
determined threshdld^ali^. Thus, a fourth mobile 1 
station M4 receiving the synchronisation informa- 
tion from M3, may decide not to retransmit this 
synchronisation information. The latter requirement 
prevents the sync hronisation informa tion from prop- 
agating ~too-far-from-the~base^ation~BS^ which 
would give rise to too large-a cumulative fransmis- 
sion-error ^and2to^large~a ~cum ulative delay. This 
predetermined threshold value, together with the 
initial value given to the counter tag by the base 

station BS, determines the extension~of~the~virtual 

\ . — i 

coverage~area_within„which-mobile-stations-may^ 
be^mlFsynehronized tdrthODMA^prdtocol. To be 
noted that the base station BS may thus adapt the 
extension of its virtual coverage area dynamically, 
in function of for instance transmission characteris- 
tics, by changing the initial value of the counter 
tag. 

It should be noted that each mobile station 
regularly transmits the synchronisation information, 
each time in a superframe which is randomly cho- 
sen, and that the rate at which this information is , 
transmitted may be changed-in-function^of the / 
number of received synchronisation messages. 

By-expanding the coveragearea-to the virtual^ \ 
coverage-area, mobile 1 ^ tol 
cqrrimunicateJn direct mode may communicate via 
the- base^station TBS with "^er;^mpbije;2iMons| 
commujnjcating via BS. Indeed M4~rnay transmit ^ 
data to M3 which thenjrelays, or retransmits^ this ^ 
data to M1 which in itsZ^rn relransmits thisdatatb^ 
the base^station nBS_Ifrom which it may be ex^_^ 
changed with any "mobile statioa able" td'coTSrrui-^ 
nicate~with~BS~Vice~versa7^ata received ~by~BS^^ 
fronvsuchra-rr^ "and ~ 
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While the^ principles of the invention have been 
described above in connection] with specific ap- 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation on the scope of the invention. 

Claims 

1. Communication system including a base sta- 
tion (BS) and a plurality of mobile stations 
(M1,M2,M3,M4) t said base station (BS) being 
adapted to transmit, in an i-th time slot of 
consecutive frames of time slots of a TDMA 
protocol, data to a first one of said mobile 
stations (M1), said data being modulated on a 
first carrier wave having a first frequency 
(FDL), characterized in that said first mobile 
station (M1) and a second one of said mobile 
stations (M2) both are adapted to exchange, in 
a k-th time slot of said consecutive frames of 
time slots of said TDMA protocol, data modu- 
lated on a second carrier wave having a sec- 
ond frequency (FDM), said k-th time slot being 
different from said i-th time slot. 



of said counter tag is less than a predeter- 
mined threshold value. 

5. Communication system according to claim 1, 
5 characterized in that said first mobile station 

(M1) is adapted to retransmit said data re- 
ceived from said second mobile station (M2) to 
said base station (BS), said data thereto being 
modulated on a third carrier frequency in a I-th 
10 time slot of said consecutive frames of time 

slots, I being a predetermined number different 
from i. 

6. Mobile station (M1) used in a communication 
15 system according to any of the previous 

claims, and thereto being adapted to receive 
data modulated on a first carrier wave (FDL) in 
each i-th time slot of consecutive frames of 
time slots of a TDMA protocol, characterized in 

20 that said mobile station (M1) is adapted to 
transmit or to receive data modulated on a 
second carrier wave (FDM) in a k-th time slot 
of said consecutive frames of time slots of said 
TDMA protocol, said k-th time slot being dif- 

25 ferent from said i-th time slot. 



2. Communication system according to claim 1, 
characterized in that said consecutive frames 
of time slots are arranged in consecutive 
superframes of frames, that said first mobile 30 
station (Mt) is prevented from exchanging said 
data modulated on said second carrier fre- 
quency (FDM) in said k-th time slot of a j-th 
time frame of each of said consecutive super- 
frames, at least one of said k-th time slots as 
being used to broadcast synchronisation in- 
formation modulated on said second carrier 
frequency (FDM). 

3. Communication system according to claim 2, 40 
characterized in that said second mobile sta- 
tion (M2) is adapted to receive, in said k-th 
time slot of said j-th time frame of each of said 
consecutive superframes, said synchronisation 
information modulated on said second carrier 45 
wave (FDM) instead of exchanging said data 
modulated on said second carrier wave (FDM). 

4. Communication system according to claim 2, 
characterized in that said synchronisation in- so 
formation includes a counter tag, and that said 
mobile stations (M1 ,M2,M3,M4) are adapted to 
receive said synchronisation information modu- 
lated on said second carrier wave (FDM), to 
increment said counter tag, and to retransmit ss 
said thus changed synchronisation information 

in said k-th time slot of said j-th time frame of 
a randomly chosen super-frame when the value 



7. Mobile station (M1) according to claim 6, char- 
acterized in that said frames are arranged in 
r superframes, and that said mobile station (M1) 
^is adap ted to broadcast synchronisation infor- 
matiorrm^xJulated on.said sec^d^carrier waye~] 
(FDM) in said k-th time slot of a j-th time frame 
of a randomly chosen said superframe. 

a Mobile station (M1) according to claim 6, char- 
acterized in that said mobile station is adapted 
to retransmit data, received on said second 
carrier wave (FDM), modulated on a third car- 
rier wave in a I-th time slot. 

9. Mobile station (M1,M2,M3,M4) used in a com- 
munication system according to any of claims 
1, 2, 3 or 4, and thereto being adapted to 
transmit and receive data modulated on a sec- 
ond carrier wave (FDM), characterized in that 
said mobile station (M1,M2,M3 ( M4) is adapted 
to receive synchronisation information and to 
transmit and receive data modulated on said 
second carrier wave (FDM) both in a k-th time 
slot of consecutive frames of time slots of a 
TDMA protocol. 

10. Mobile station (M1,M2,M3,M4) according to 
claim 9, characterized in that said frames are 
arranged in superframes, that said synch- 
ronisation information includes a counter tag, 
and that said mobile station (M1,M2,M3,M4) is 
adapted to increment said counter tag and to 
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broadcast said synchronisation information 
modulated on said second carrier frequency 
(FDM) in said k-th time slot of a j-th time frame 
of a randomly chosen said superframe if the 
value of said counter tag does not exceed a 5 
predetermined threshold value. 
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